In an approach to study effects of UV light on gene expression in human epidermal keratinocytes, a cDNA library was constructed from poly(A)RNA isolated after UV irradiation from cultured keratinocytes. The cDNA library was differentially screened with labelled cDNA probes synthesized on poly(A)RNA isolated from UV irradiated or nonirradiated keratinocytes. Forty clones were selected and subjected to further analysis, 31 of them are described in this report. Whereas total mRNA synthesis is reduced after UV irradiation or treatment with 4-NQO Northern blot analysis revealed that there is an at least relative increase in the level of mRNAs corresponding to the majority of the isolated cDNA clones. Among these 15 were identified as corresponding to mRNAs for 50K and 56K keratins and for 50K-and 46K-related keratin. In addition, clones were found corresponding to the proteinase inhibitor cystatin A and to the glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Treatment of keratinocytes with the tumor promoter TPA had no effect on the mRNA level for most of the clones except those corresponding to keratins. Our results indicate that in keratinocytes UV irradiation leads to a relative increase in the level of some mRNAs.
INTRODUCTION
Irradiation with ultraviolet (UV) light has numerous effects on living cells. In bacteria a set of reactions known as SOS response is triggered by UV light (1) . The induction of this process has been studied intensively in E.coli where the expression of a large number of enzymes involved in different steps of DNA replication, recombination, repair and cell division is under the control of the lexA-recA regulatory mechanism (2) . In mammalian cells no direct evidence has been found for the existence of an SOS-like response (3).
However, irradiation of cells prior to infection enhances both the survival and mutagenesis of UV irradiated virus (4) . This enhancement resembles a similar phenomenon in E.coli where it has been shown to be part of the SOS response (1) . Therefore, it is feasible that also in mammalian cells UV light RNA was isolated 12 hours later.
MATERIALS AM) METHODS

Enzymes and chemicals
RNA isolation
All operations concerning RNA isolation were carried out at 0-4°C. Total 
Construction of pECVl vector
Vector pECVl is a derivative of pSV2-glo (8) . In the SV40 part of the plasmid the sequence between the EcoRI and BamHI sites was deleted to remove an irrelevant part of the viral sequence ( fig.l) . In the pBR322 part the PstlPvuII fragment was substituted by the Pstl-Aval fragment of pBR329. As a result the PvuII site was lost. In the Bglll site a Kpnl linker was inserted.
A Hindlll-Kpnl fragment containing a rabbit beta globin cDNA was substituted by the rabbit beta globin second intron derived from plasmid pBR327/RchR- 
Solution hybridization
The hybridizations in solution were performed in a buffer containing 10 mM Na PIPES (pH 6.5), 1 mM EDTA, 0.2 % SDS, 2XSSC, 83 ug/ml poly(A)RNA and about 10'cpm/ml ^ P-labelled cDNA. The hybridization mixture was covered with parafin oil in order to prevent evaporation, boiled for 3 min. in a water bath, chilled on ice. Hybridizations were carried out at 65^C for 10 hours, corresponding to a Rgt value of ten calculated assuming that an Ro t= l corresponds to hybridization for 1 hour at a concentration of poly(A)RNA of 83 ug/ml. Reaction was stopped by addition of cold hybridization buffer without poly(A)RNA.
Nuclease SI reaction SI reaction was performed in SI assay buffer, containing 30 mM sodium acetate(pH 4.5), 250 mM NaCl, 4.5 mM ZnSO^, 10 ug/ml denatured, fragmented salmon sperm DNA. SI nuclease activity, sufficient to produce a limit digest of single-stranded DNA, was determined in advance. Incubation was at 20°C for 30 min. Reaction was stopped by addition of EDTA to 10 mM and ethanolprecipitation.
Differential screening
Colony hybridizations were done according to Hanahan and Meselson (12) .
Four replica filters, with about 3000 colonies were differentially screened in the following way: filters number 1 and 3 were hybridized to the •* P-labelled plus-probe and filter number 2 and 4 were hybridized to the Ji P-labelled minus-probe.
Northern blot analysis
The amount of poly(A)RNA for each RNA preparation was quantitated by hybridization to 3 H-labelled polyrU (13) . Equal amounts of poly(A)RNA, 0.1 ug per slot, were treated with glyoxal, electrophoresed in 1.5 % agarose gels, blotted onto Gene Screen filters (NEN) and hybridized to radiolabelled cDNA probes (14) by the procedures described by Sarachu et al. (15) .
cDNA sequencing
The cDNA inserts were subcloned in M13 vectors and sequenced by the dideoxy chain terminating method of Sanger et al. (16) .
RESULTS
Isolation of cDNA clones
A primary culture of epidermal keratinocytes derived from human foreskin was established essentially as described by Rheinwald and Green (6) . decrease of the mRNA level; " the symbol 0 indicates no effect; e these clones were only partially sequenced; n.d. = not determined.
were then hybridized at R 0 t=10 to poly(A)RNA isolated from keratinocytes 12 hours after UV irradiation with 50 J/m 2 . Nonhybridized cDNA sequences were removed by nuclease SI treatment and the RNA in the DNA:RNA hybrids was degraded by alkali. At the end one-two percent of the probes was left.
When at this stage of purification the probes were used for differential screening of replica filters, the hybridization with minus probe was still too high.
Therefore an additional step was introduced in the purification procedure:
after SI treatment and alkaline hydrolysis of Che RNA, the probes were 
Identification of keratin cDNA
The cDNA clones were further characterized by cross-hybridization and sequencing. By these analyses fifteen related clones were found which could be divided into three groups of five clones each. After comparison with DNA sequences of GenBank (Los Alamos, USA) by computer analysis using UWGCG programmes, the sequences of these 15 clones were identified as sequences of keratin genes. One group of five cDNA clones was derived from a mRNA encoding 56K keratin (26) , five other clones were derived from mRNA encoding 50K keratin (27) . The third group of five clones represent a keratin whose sequence is homologous to 50K and 46K keratins (27, 28) . upstream from the polyA tail. However, the sequence CAYTG which is found adjacent to the polyadenylation site in many eukaryotic mRNAs (32) Clone 200 shows homology to glyceraldehyde 3-phosphate dehydrogenase from human muscles (29) . This glycolytic enzyme has been found to be inducible in cultured rat fibroblasts by epidermal growth factor (EGF) and by serum stimulation (45) . In this study we found a relative increase in the level of the GAPDH mRNA after UV irradiation. Recently, a similar observation has been reported for the metallothionein mRNA whose induction has been shown in primary human fibroblasts after treatment with UV light (46) or by serum growth factors (47) .
Among the Isolated clones a cDNA clone was identified as corresponding to the cysteine proteinase inhibitor cystatin A or stefin (33) . Cystatin A was originally purified from human epidermis (34) . It was localized in the cytoplasm of upper cell layers of keratinized cells in the epidermis by an immunohistochemical method (48) . In the present study a mixed population of dividing and differentiating cells has been used and as consequence no discrimination in the cystatin A mRNA expression has been made between these two cell fractions. Therefore, the possibility exists that the change in the 
